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A quantitative relationship was found between the relative fluorescence intensities of certain metal chelates of some quinolone antibacterials and their physicochemical parameters namely: the pKa 1 (corresponding to the ionisation of the 3-carboxylic group) and the calculated stability constants of the formed chelates as well as the second order connectivity indexes ( 2  v ), Hammett constant ( m ), polar constants (F) and resonance constants (R) for the substituent at position 1 of the quinolone nucleus. The studied quinolone antibacterials are amifloxacin, difloxacin, ciprofloxacin, nalidixic acid, norfloxacin, lomefloxacin, ofloxacin and pefloxacin and the metals involved are zirconium, molybdenum, vanadium and tungsten.
Twenty highly significant regression equations were obtained and used to calculate the unreported values of  m , F and R for the substituent at position 1 of ofloxacin. Two correlation equations were used also to predict the fluorescence intensity of molybdenum chelates of the studied quinolones.
INTRODUCTION
In a previous communication, simple, rapid, reliable, and sensitive spectrofluorometric methods for the determination of eight quinolone antibacterials namely ciprofloxacin, norfloxacin, lomefloxacin, difloxacin, amifloxacin, pefloxacin, ofloxacin, and nalidixic acid ( Figure I) based on their chelation with zirconium, molybdenum, vanadium or tungsten to produce intensely fluorescent chelates were developed. 1 It is well known that the relative fluorescence intensity (RFI) is dependent on the molecular structure and linking pattern or bonding scheme of the atoms in the fluorescent species. The conversion of structural formula into numerical values or indices, which encode structural information, will be extremely helpful. Thus, a numerical description of a molecule derived from knowledge of the molecular structure itself can be developed. 
Nalidixic acid
There are two general aspects of structure which can be identified and expressed in the form of numerical parameters: 2 1-The topology of the molecule:
information about the identities of atoms and their electronic properties and connections. 2-The molecular topography: various three-dimensional aspects e.g. size, shape, branching, volume and surface area of the molecule. In the present work, the topology of the molecule was expressed using several electronic parameters namely: the pKa 1 of the studied drug (ionization of 3-carboxylic group) as well as Hammett constant (σ m ), polar constant (F) and resonance constant (R) for the substituent at position 1 of the quinolone nucleus. These electronic parameters were obtained from literature 3-5 and included as the electronic contribution variables.
The molecular topography was expressed using the molecular connectivity (χ) adapted by Kier et al. 6 as a descriptive title for the general method leading to indexes derived from the molecular structure. The structural formula of the compound is written down as a molecular skeleton without hydrogens. Each carbon atom is designated by a cardinal number, which is a count of the number of adjacent carbon atoms. This count of adjacent or formally bonded carbon atoms is called the delta value (δ). The molecular skeleton is then dissected into all constituent bonds, each designated by the two carbons, i and j, forming the bond. A value for each bond is computed from the equation (δ i δ j ) -0.5 . The molecular connectivity index is the simple sum of the computed bind values over the entire molecule according to the equation: 2
Where the prefix 1 indicates that the index is for a one bond dissection of the molecule.
However, physico-chemical properties measured experimentally such as fluorescence intensity have a complex dependence on threedimensional structural features. Further dissection of the molecule into two-bond fragments (three contiguous atoms) may provide this dimensionality. 2 To calculate the second order molecular connectivity index ( 2 χ), a term for each two bond fragment (three contiguous atoms i, j and k) is computed using the following general equation: 2
To include the effect of unsaturation in the calculated connectivity indexes, a double bond would be counted twice when calculating the δ value for adjacent atoms e.g.
This procedure takes explicit account of the valence and the hybrid state of each carbon atom. The modified delta value calculated according to this procedure is called the valence delta (δ v ) and the computed connectivity index is called the valence chi (χ v ).
Another progress in this field was the treatment of heteroatoms introduced by Kier and Hall, 7 where the delta value for each heteroatom is calculated according to the equation:
Where z v is the number of valence electrons and h is the number of hydrogen atoms attached to the heteroatom. Kier and Hall also reported the δ v values of different heteroatoms in various hybrid states. 2 In this work, we tried to correlate the experimentally measured RFI of the studied chelates with the pKa 1 values (ionisation of the 3-carboxylic group) of the studied drugs, the calculated stability constants of the formed chelates (Table 1) as well as the second order connectivity indexes ( 2 χ v ), Hammett constant (σ m ), polar constant (F) and resonance constant (R) for the substituent at position 1 of the quinolone nucleus.
Similar correlations were previously reported for phenothiazines, 8 catecholamines 9 and thiols, 10 where highly significant relationships were obtained between molar absorptivities of certain derivatives and some physicochemical parameters of the parent compound.
COMPUTATION

Instrument
Intel Pentium IV PC (USA) equipped with Microsoft Excel 2000 ® data analysis tool pack.
Mathematical
and statistical treatment of data a-The correlation between the experimentally measured RFI of the formed chelates obtained in the previously published work 1 and the corresponding drug concentrations was carried out using linear regression model to obtain the intercept (a), the slope (b), the correlation coefficient (r) and the determination coefficient (r 2 ). b-The correlation between the experimentally measured RFI of the studied chelates and the studied parameters obtained from literature, 3-5 was carried out using simple or multiple regression analysis models in the Microsoft Excel 2000 ® data analysis tool pack. c-The second order connectivity index ( 2 χ v ) for the substituent at postion 1 of the quinolone nucleus was calculated according to Kier and Hall's rules. 2 An illustrative example for calculating 2 χ v for the substituent at position 1 in ciprofloxacin is given in scheme 1. 
RESULTS AND DISCUSSION
Usually, the RFI of chelates are directly proportional to their stability constants. To find the quantitative relationship between the experimentally measured RFI of the formed chelates and the calculated stability constants K s for these chelates (Table  1) , simple linear regression model was used. Good results ( Table 2) were obtained upon correlating the RFI with either K s or log K s according to the general equations: RFI = a + b K s ………(equations 1-4) RFI= a + b log K s ……(equations 5-8) However, the correlation between the RFI of the formed chelates and log K s was statistically more significant than the correlation between RFI and K s values in all cases ( Table 2) .
For further understanding of the differences in the RFI of the studied chelates resulting from changes in the structure of the investigated drugs, multiple linear regression analysis was performed including several parameters representing the structural features that differ from one drug to another. In addition to log K s , the pKa 1 of the studied drugs (Table 3) was used in the multiple linear regression as an indicator of the electron density of the carboxylic acid moiety of quinolones. 11 Excellent correlation of RFI versus pKa 1 and log K s was obtained for all the studied chelates (Table 4) The regression models obtained in equations 9-12 (Table  4 ) demonstrated that an increase in the pKa 1 value resulted in an increase in the measured RFI. This can be easily explained by the fact that the increase in electron density at the carboxylate ion would result in increasing the attraction of the metal ion for the drug molecule. This increased attraction will cause an increase in the stability constant and consequently the RFI of the formed chelate. It is obvious that the studied fluoroquinolones differ mainly in the substituent at position 1 of the quinolone nucleus. Thus, the quantitative relationship between the measured RFI of the studied chelates and certain physico-chemical parameters of the substituent at position 1 of the quinolone nucleus was also investigated (nalidixic acid was excluded from this study because it has a somewhat different nucleus).
Several electronic parameters namely, Hammett constant (σ m ), polar constant (F) and resonance constant (R) were included in this study using simple linear regression analysis but none of them gave satisfactory results, indicating a complex relationship between these parameters and the RFI of the studied chelates. Upon applying multiple linear regression analysis to this study, excellent results were obtained showing a strong relationship between the RFI of the formed chelates and the electronic parameters of the substituent at postion 1 of the quinolone nucleus (Table  5 ) according to the general equation:
It is apparent that the three electronic parameters of this substituent contribute to the RFI of the formed chelates to different degrees. A logic explanation for that correlation is the stabilizing effect of this substituent on the formed anionic form of the drug before chelation or its stabilizing effect on the formed chelate itself.
Another factor was also studied in this work, which is the effect of the bulkness and branching of the substituent at position 1 of quinolone nucleus on the RFI of the formed chelates. The bulkness and branching of the substituent R 1 was expressed as the second order connectivity index of this substituent ( 2 χ v ) calculated according to Kier and Hall's rules. 2 On using simple linear regression model to correlate the RFI of the studied chelates to 2 χ v of the substituent the substituent at postion 1 of the quinolone nucleus, unsatisfactory results were obtained. This can be explained by the fact that the relationship between the RFI of the chelates and the substituent is complex and depending not only on its steric parameters but also on its electronic parameters as was proven by the equations 13-16 (Table 5 ). Hence, multiple linear regression model was again used to correlate the RFI of the formed chelates with 2 χ v of the substituent at position 1 and its electronic parameters F and σ m . Excellent results were obtained (Table 6 ) showing a good correlation between the RFI of the studied chelates with both the electronic and steric parameters of the substituent at postion 1 of the quinolone nucleus according to the general equation:
The regression analysis studied were further utilised to predict the unreported electronic parameters R, F and σ m of the substituent (-OCH 2 CH(CH 3 )-) in ofloxacin. The known values of RFI and 2 χ v for ofloxacin were substituted in equations (17) and (18) to give the F and σ m constants of this group. The deduced F and σ m values were then substituted in equation (14) to obtain the R value (Table 3) .
The electronic parameters of (-OCH 2 CH(CH 3 )-) group, like those already reported for other groups are of important value in chemical and biochemical correlations.
It is apparent from Tables 5 and 6  that molybdenum chelates of fluoroquinolones give the highest statistical significance for correlation between their RFI and the electronic and steric parameters of their 1substituent. Therefore, equations 14 and 18 were used to predict the RFI of fluoroquinolone-molybdenum chelates ( Table 7 ). 
Conclusion
A quantitative relationship was found between the RFI of the studied chelates and certain physicochemical parameters of the studied drugs namely: the pKa 1 values (ionisation of the 3-carboxylic group) of the studied drugs, the calculated stability constants of the formed chelates as well as the second order connectivity indices ( 2 χ v ), Hammett constant (σ m ), polar constant (F) and resonance constant (R) for the substituent at position 1 of the qinolone nucleus. Twenty highly significant regression equations were obtained and used to calculate the values of σ m , F and R for the substituent at position 1 of ofloxacin which were not previously reported. In addition, two of these equations were exploited for the prediction of RFI of fluoroquinolonemolybdenum chelates.
